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INTRODUCTION
Each year approximately 1.5 million Americans sustain a traumatic brain injury (TBI). The most common causes of TBI are due to blunt force trauma. The goal of this research is to identify a cohort of patients with mild TBI and follow them for a period of one year (1) to determine injury outcomes and (2) to identify those factors that best predict those patients with long-term sequelae. Approximately 200 subjects will be identified over the life of the study. These subjects will have a baseline assessment during the initial trauma center admission, which includes biochemical markers, balance measures, clinical findings and neurometric tests. Follow-up testing will be completed at 3-5 days, 7-10 days, 3 months, 6 months and 12 months post injury.
BODY

Recruitment and Follow-up:
This is the annual report for year 3 of the study. The third year focused on subject recruitment and follow-up as well as preliminary data analysis. As of March 31, 2006, 147 subjects have been recruited. Since current recruitment to date has fallen short of the original target of 300 subjects, a request for a no-cost extension through March 31, 2007, was filed on January 31, 2006, and approved February 8, 2006 . Included in the extension was an adjusted target enrollment of 190-200 subjects. We will be continuing with recruitment of subjects through September 30, 2006 and follow-up evaluations through December 31, 2006. Less than one-year follow-up will be completed for those subjects recruited after December 2006. We will obtain as much follow-up data as possible, continue with data analysis and provide a final report next year.
Actual screening and recruitment was initiated on October 6, 2003. As of March 31, 2006, 2,142 subjects were screened and 147 recruited. Table 1 describes the reasons and frequencies for the 1,995 subjects who were not recruited. Over one-third of the subjects were not recruited because they had associated injuries. This includes such things as brain injury requiring intervention, a spinal cord injury or thoracic injuries requiring intubations. The overall follow-up rate is depicted in Table 2 . The follow-up ranges from a high of 85% at 7-10 days post-injury to a low of 52% at 12-months post-injury. We believe the return rate is so high at 7-10 days because many subjects return to the STC clinic for follow-up appointments at that time and we attempt to arrange our evaluations on the same day. The follow-up rate decreases throughout the remainder of the study. This may be due to the fact that many subjects have returned to normal activities and therefore are not available for follow-up. Evaluation  N  N  %  3-5 day  107  144  74  7-10 day  120  141  85  3 month  79  132  60  6 month  65  118  55  12 month  43  82  52 *An evaluation is considered complete if we were able to complete the interview and the symptom checklist.
The details of follow-up status are described in Table 3 . Telephone follow-ups occur at a much higher rate during the acute phase of recovery as opposed to later on in recovery (31% at 3-5 days versus 5% at 12-months post-injury). Nine subjects have been withdrawn from the study (8 withdrew consent and 1, a neurosurgical intervention, was initiated after consent was obtained). It should be noted that percent completion rates are fluid as recruitment and follow-up are still ongoing.
Human Subjects Protections / Protocol Modifications:
During year three, one modification (removing three support staff) was made to the study protocol or procedures. The University of Maryland, Baltimore (UMB), Human Research Projects Office (HRPO) Institutional Review Board (IRB) provided re-approval for the protocol for a one-year period beginning May 20, 2005.
This past year the entire research staff completed the Certified Investigator Training Initiative (CITI) as required by UMB HRPO.
New Personnel:
As described in last year's report, initially we had one post doctorate student who was on campus every day conducting the neuropsychological evaluations. In year two we expanded the neuropsychological staff to three post doctoral students who covered the neuropsychological evaluations, allowing for greater flexibility for conducting follow-up examinations. During year three, we had one person primarily responsible for the neuropsychological evaluations but found it necessary to have five persons trained to provide coverage on an as-needed basis. This has helped provide a more flexible schedule for subject follow-up visits. 
Staffing / Training:
Since the beginning of the project the speech language pathology team has remained fairly constant. One staff member resigned her position at the University of Maryland Medical Center during the past year but expressed interest in remaining involved in the project. The current complement of four staff members allows for adequate coverage.
Safety:
Safety for subjects and evaluators is always a concern, and therefore we continue to monitor the environment to ensure the safety of our subjects and our staff.
Space Allocation:
The study space has remained constant throughout the past year and there are no anticipated changes.
Manual of Operations:
The Manual of Operations continues to be updated as necessary.
Team Meetings:
Meetings of the study team occur on a regular basis. We use this time to discuss issues related to recruitment, follow-up and patient recovery. Additional small group meetings are held as needed. These meetings focus on specifics such as data analysis for the various components of the study.
Data Entry and Storage:
As previously reported, one clinical coordinator and the part-time recruiter are responsible for all data entry and the second clinical coordinator is responsible for auditing the data. In addition, prior to analysis a secondary data validation is completed and changes to the data are recorded.
Data Analysis:
Preliminary data analysis has been initiated on all evaluation components now that follow-up evaluations through 12 months have been completed on 43 of 80 potential subjects who have met the one-year anniversary of their injury.
ANAM Proprietary Issues:
All study staff administering the ANAM (Automated Neuropsychological Assessment Metrics) or ARES (ANAM Readiness Evaluation System) are required to sign usage agreements, as the software is the proprietary information of the USAMRMC. Software usage as well as data collection, storage and analysis will be consistent with the user agreement.
S-100 beta testing:
The procedure to ensure timely retrieval and freezing of blood samples per testing guidelines and moving of the samples to the research lab for storage until ready for bulk processing continues. The guidelines for processing the blood samples to obtain S-100β values indicate that the blood samples be run in batches of thirty. Thus far we have received preliminary results for the first 108 subjects.
Recent literature indicates that S-100β may not be a specific marker for brain injury as it has been found to be increased in patients without brain injury. [1] [2] [3] [4] Anderson reported the S-100β was highest in those with bone fractures, followed by thoracic contusions without fractures. 1 In addition several studies have indicated that S-100β has not been a significant predictor of symptoms associated with TBI nor neurocognitive performance following TBI.
2-4 Stalnacke and colleagues indicated that S-100β may be more useful in predicting disability and may be useful in identifying those patients with mild TBI that might benefit from rehabilitation services. 3 Other biochemical markers for TBI have also been reported in the literature and they include two monomers (S100A1B and S100BB) that comprise the S100β and Glial Fibrillary Acid Protein (GFAP).
1;2;5-7 With respect to S100A1B and S100BB, Anderson et al, found both types of monomers in trauma patients without head injuries. The A1B and BB concentration ratio varied, indicating no correlation with the type of trauma or tissue damage. In a study by de Boussard et al, the mean values of S100AB were significantly higher in patients with mild TBI and in patients with mild orthopedic injuries when compared with non-injured controls. The authors also noted a significant correlation between time of injury to the first blood draw and concentrations of S100BB but not S100β and S100A1B. The investigators also noted that mean values of these biomarkers were higher in patients with radiological findings, but there was no relation between S100β, S100A1B, S100BB concentrations and symptoms. They concluded that the S100AIB seems to be more specific for brain injury than S100β in patients with milder TBIs. Recent reports indicate the GFAP, which is only found in glial cells of the central nervous system, may prove to be a better marker for TBI outcomes. The studies of GFAP involved only severe TBI but have shown that GFAP predicts outcome at 3-, 6-, and 12-months post trauma. In a study by Pelinka et al, it was demonstrated that GFAP was not increased in trauma patients without TBI nor was there a correlation between concentration levels and timing of samples. To our knowledge there have been no studies examining the predictive value of GFAP in mild TBI patients. In light of reported discrepancies in the recent literature regarding the validity of the S-100 markers with respect to diagnosis and outcomes of mild TBI and the lack of research involving GFAP in mild TBI patients, we feel that further investigations are warranted. Our preliminary results indicate that persons with higher S-100β are reporting fewer symptoms than those with lower S-100β concentrations. We are continuing our analyses in order to explain this phenomenon. We are questioning whether this result is related to the fact that the multiply injured subjects may be more focused on symptoms associated with their orthopedic and systemic injuries and have not yet returned to situations (i.e., work/school) where post-concussive symptoms would be more noticed.
Neuropsychological testing:
All study staff administering the ANAM or ARES signed usage agreements, as the software is the proprietary information of the USAMRMC. Software usage as well as data collection, storage and analysis are consistent with the user agreement.
The ANAM, including the ARES and Word Memory Test (WMT) constitute the neuropsychological battery of tests that are designed to measure cognitive, emotional and motivational functioning. The ANAM is a battery of tests designed to measure simple and choice reaction time, divided attention of visual and spatial skills, running memory and executive reasoning. The WMT, a brief paper and pencil test, measures sensitivity to motivation and embellishment of cognitive deficits, i.e. 'malingering'.
Reaction time is emerging in the literature as a measure sensitive to the effects of concussion. 8 We have examined the relationship between S100β protein, measures of simple (sRT) and choice reaction (pRT) and a weighted composite of several other tests (wTP) at 7-10 days and 3-months post-injury. Results of analyses indicated a significant relationship between S100B protein levels and sRT at 7-10 days (t=3.91, p=0.0004) such that as S100B levels increased, sRT scores decreased. No other significant relationships were found. Although a relationship existed between S100B and sRT at 7-10 days, it disappeared by 3 months; this may be explained by literature suggesting that the effects of mild TBI resolve within the first several months of injury. S100B protein levels have been linked to disability after mild TBI. 3 The Word Memory Test (WMT) is a test of effort and motivation that is viewed as more sensitive to levels of effort than to brain injury. 9 We assessed the relationship between S100B and effort, as measured by the WMT, in our sample of subjects with mild TBI. Subjects were evaluated at 7-10 days (N=46) and 3 months (N=41) post injury. As expected, results of analyses indicated no relationship between S100B protein levels and performance on the WMT (both immediate recall and delayed recall trials) at either time point. This provides evidence of the utility of the WMT when assessing mild TBI populations, where effort is often an issue.
The literature is mixed regarding the effects of depression and anxiety on neuropsychological performance in mild TBI samples. 10 Forty-six participants were assessed with the ANAM at 3 months post injury. Results of regression analyses adjusted for age, gender, education, and S100B levels indicated no difference between 1) depression, 2) anxiety, or 3) depression or anxiety on sRT, pRT, or wTP. These findings suggest no group differences regarding depression and/or anxiety mood states on measures of simple reaction time, choice reaction time, or overall neuropsychological functioning. Although depression and anxiety may be common in mild head injury, it did not mediate deficits observed on measures of neuropsychological functioning in this sample.
Although these results are preliminary, we will replicate them when the study is complete as well as include similar analysis for 6-and 12-month follow-up visits.
We have discussed what battery of neuropsychological tests would be useful in future studies and we have determined that we would continue with the ARES and ANAM. However we have decided that replacing the paper and pencil version of the WMT would be more appropriate since the rest of the battery is computerized. Also, we agreed it would be useful to add a neuropsychological component to the telephone follow-ups. This would consist of a structured interview that would assess areas related to neuropsychological functioning such as memory, concentration, and coping with day to day activities.
Cognitive testing:
Speech and Language Pathologists (SLP) from the University of Maryland Medical Center have been responsible for conducting cognitive evaluations on study subjects using the SCATBI (Scales of Cognitive Ability for Traumatic Brain Injury). Based on meetings with the SLP 11 and a review of literature there have been no recent reports using the SCATBI in mild TBI population. Currently, the SCATBI can take up to 45 minutes to administer and the SLP are interested in determining scientifically if there are components of the SCATBI that would be more useful in predicting long-term cognitive issues associated with mild TBI. In addition, the SLP have developed a brief instrument for assessing cognitive ability based on clinical experiences and are very interested in determining its predictive power in a population of mild TBI patients. In this study, we elected to administer the SCATBI at the 3-month follow-up evaluation to determine its usefulness in predicting outcomes beyond the current 7-10 clinical use. Our preliminary investigations of the SCATBI results indicate that higher levels of functioning, based on reasoning and recall continue to improve throughout the three months following injury. Based on this information and anecdotal information provided at the 6-month and 12-month follow-ups, in a future study we would like to continue using the SCATBI throughout the follow-up period.
Balance testing:
We continue to conduct two clinical balance tests on study subjects at each evaluation period. Since we have expanded the criteria to include subjects with associated injuries, we correctly anticipated the initial balance tests rates would be low. Initial balance tests are being completed on 11% of the enrolled subjects. The rate continues to improve with each subsequent visit when subjects return to the hospital for follow-up (3-5 day 22%; 7-10 day 41%; 3-month 60%; 6-and 12-month 82%). On the data we have analyzed thus far, we have noticed improvements in overall postural stability through the 7-10 day follow-up period with a leveling off at 3-months that continues to one year. We will be conducting analyses to determine if balance measures predict long-term outcomes associated with TBI.
Initial balance deficits have been noted among athletes sustaining a mild TBI. Balance tests results along with neuropsychological measures have been suggested as a means of determining ability to return to play among these injured athletes. Similar issues are faced by military personnel in determining return to duty among injured soldiers. In a study by Guskiewicz et al, they concluded that more research is needed to determine the best neuropsychological battery for assessing sport-related concussion. Since most of the studies assessing balance focus on sport-related injuries we feel it is necessary to investigate balance related issues as they related to mild TBI sustained by other mechanisms of injury. This information would hopefully be beneficial to the military in determining return to duty status among mild TBI victims.
Other assessments:
We continue to monitor symptoms at each follow-up session whether in person or by phone. Fatigue, headache and dizziness were the most frequently reported symptoms 3-5 days post-injury, all of which were above pre-injury reported levels. By one year postinjury the symptoms had decreased from peak levels but remained above pre-injury reported levels for headache and dizziness. Based on preliminary analysis the frequency of reporting four or more symptoms at 12-months post-injury (29%) was similar to preinjury (26%); however, the severity (based on frequency, duration and intensity) was greater. At the three month follow-up, the proportion of subjects with physical symptoms had returned to baseline levels, whereas emotional and cognitive symptoms remained elevated. Future analysis will focus on the frequency or severity of reported symptoms.
General well being is assessed at every time point except 3-5 days post-injury. Initial results reveal that positive well being is lowest at 7-10 days post-injury but continues to improve throughout the follow-up period. We have noticed that positive well being at 12 months exceeds baseline values in the subjects who have returned for this follow-up. We will continue with data analysis to focus on the specific domains of well being which include vitality, depression, anxiety, positive well being, general health, and self-control.
KEY RESEARCH ACCOMPLISHMENTS Preliminary analyses thus far indicates:
• There was a significant relationship between S-100B and Simple Reaction Time at 7-10 day post-injury after controlling for age, gender and education.
• There was no relationship between S-100 B and Choice Reaction Time or the Neuropsychological Composite score at 7-10 days post-injury.
• There was no relationship between S-100 B and performance on WMT at 7-10 days and 3-months post-injury.
• Following injury, the number of symptoms reported increased dramatically; 26% reported ≥ 4 symptoms prior to injury; at 3-5 days this rate increased to 73%, declining to 39% by three months.
• Symptoms with highest prevalence at 3-5 days included fatigue (86%), headache (62%) and dizziness (54%).
• Three months post-injury emotional and cognitive symptoms remained elevated and physical symptoms returned to pre-injury levels.
• Predictors of symptomatology 3 months after injury include increasing age and female gender.
• Tests of simple reaction time at 7-10 days post-injury predicted symptoms and well being at 3 months.
• No positive association was noted between S-100 B and symptoms at 3 months. In fact, those with lower S-100 B levels reported more symptoms.
CONCLUSIONS
We have completed year three of the study and have continued to gain great insight into the logistics involved in carrying out research within the mild TBI population. Recruiting subjects within the acute care trauma setting is often not easy, even with the relaxed criteria. Part of this difficulty may be attributable to the fact that the subjects, having been through a life changing event, are not open to the suggestion of participating in a study, and are ready to go home. As we stated last year, another issue may be related to the fact that many patients have other injuries, and may not be as concerned, at that point in time, about their mild head injury. We originally anticipated that subjects would not return for follow-up and therefore our follow-up rate would be very low. This however has not been the case. The return to hospital follow-up ranges from 51% at 7-10 days to 39% at 6-months post-injury.
As of March 31, 2006 we have enrolled 147 subjects. Preliminary data analysis has been initiated on all evaluation components and is ongoing.
A no-cost extension for this study was requested and approved on February 8, 2006 , to allow recruitment through September 30, 2006 and to achieve a final target enrollment of 190-200 subjects, two-thirds of the original target.
We are in the process of developing a grant that expands on the work of the current study. We plan to include additional biochemical markers that have been shown to be related to TBI outcomes. In addition, we will be including heart rate variability measures that have been shown to be correlated with severity of injury. 12 To our knowledge, no study has documented the prognostic value of heart rate variation (pre-injury, on admission, at discharge and at follow-up) in relation to the development of post-concussive syndrome, neuro-cognitive and emotional disturbances among mild TBI victims. We also intend to include Magnetic Resonance Imaging (MRI) in our future research. Refinements in MRI (i.e., Diffuse Tensor Imaging(DTI)) has higher sensitivity in the diagnosis of Diffuse Axonal Injuries (DAI) 13 which are not seen on conventional imaging. Positive findings on conventional MRI have been shown to be correlated with slower reaction times but have an overall poor correlation with neuro-cognitive outcome. 14 We plan to investigate whether DTI-MRI is an adequate tool to identify mild TBI patients with significant cognitive deficits, as this has not been evaluated. We also plan to expand our follow-up questionnaires to include more questions on functional and lifestyle components that have been reported as important outcomes by current study subjects. The Relationship Between S100B Protein and Neuropsychological Performance in Mild Traumatic Brain Injury Lee-Wilk, T., Dischinger, P., Mackenzie, C., Murdock, K., Imle, P., Spector, J., Kufera, J., Auman, K., Thysen, J.A., and Kane, R.L.
APPENDIX
ABSTRACT SUBMISSION
Objective: To assess the relationship between S100B protein (a biological serum marker of astroglial cell death representative of CNS damage) and measures of neuropsychological functioning in a sample of participants with mild traumatic brain injury (mTBI).
Participants and Methods:
Thirty-four participants, ages 18-64, with mTBI (Glasgow Coma Scale 13-15) admitted to an emergency room of an urban hospital were included in this longitudinal study. S100B protein was measured by blood draw upon admission, within 3-10 hours post-injury. Participants were subsequently assessed (within 7-10 days of injury) with the Automated Neuropsychological Assessment Metrics (ANAM), a computerized library of tests designed to serially assess neuropsychological functioning.
To reduce the number of variables, several test measures were combined into a weighted composite. In addition, we also included measures of simple (sRT) and choice (pRT) reaction time.
Results:
Results of regression analyses adjusted for age, gender, and education indicated a significant relationship between S100 and sRT (F=9.51, p=0.004). There was no significant relationship between S100B and either the composite score (F=0.49, p=0.488) or pRT (F=0.79, p=0.381).
Conclusion:
Our findings indicated a significant association between S100B protein and sRT. This finding is of interest since sRT is emerging in the literature as a sensitive measure to the effects of concussion. Findings from previous research have been mixed with studies finding and failing to find relations between S100B and performance on cognitive tests. In this analysis of data from our study, S100B was related to reaction time but not to more complex cognitive tasks.
